A critical assessment is given of the comparison between the new versions of the programs TOPAZ0 40i and ZFITTER 510. The relevance for precision calculations around the Z resonance is briefly discussed.
Introduction
In 1995 the Z phase of LEP came to an end and at present the ultimate analysis of the data is imminent. This involves in particular the completion of the line-shape analysis, including the final LEP energy calibration. Consequently, the safest possible estimate of the theoretical accuracy is of the utmost importance. It should be noted that the LEP 1 data (1990 LEP 1 data ( -1995 were taken in the energy ( √ s ) range | √ s − M Z | < 3 GeV and consist of the hadronic and leptonic cross sections, the leptonic forward-backward asymmetries, the various polarization asymmetries, the partial widths, and the quark forward-backward asymmetries. All this makes it mandatory to assess the theoretical precision of the available programs for different channels and for different pseudo-observables.
In this note we focus on the calculation of the pseudo-observables. Independently of the renormalization procedure that is used, the matrix element for Z → ff will be written as
With the above results we can now define the pseudo-observable quantities that are relevant for the phenomenology of LEP 1/SLC. The pseudo-variables are related to measured cross sections and asymmetries by some deconvolution or unfolding procedure. The concept of pseudo-observability is introduced by saying that the experiments measure some primordial (basically cross sections and thereby asymmetries also) quantities, which are then reduced to secondary quantities under some set of specific assumptions. Within these assumptions the secondary quantities, the pseudo-observables, also deserve the label of observability.
In 1995 the CERN Report [1] on 'Precision Calculations for the Z resonance' provided as basic documentation the theoretical basis for upgrading the would-be '98 Report on Z Physics at LEP 1'.
Although the previous analyses remain quite comprehensive, an update of the discussion of radiative corrections has become necessary for one very good reason: a sizeable amount of theoretical work has appeared following the CERN report of 1995. In particular, a crucial amount of work has been performed in providing higher-order QCD corrections, mixed electroweak and QCD corrections [2] , and sub-leading two-loop corrections of O α 2 m 2 t [3] .
In ref.
[3] the two-loop O α 2 m 2 t corrections are incorporated in the theoretical calculation of M W and sin 2 θ l eff . More recently the complete calculation of the decay rate of the Z has been made available to us [4] . The only case that is not covered is the one of final b-quarks, because it involves specific O α 2 m 2 t vertex corrections.
Another recent development in the computation of radiative corrections to the hadronic decay of the Z is contained in two papers, which, together, provide complete corrections of O (αα s ) to Γ(Z → qq) with q = u, d, s, c and b. In the first reference of [2] the decay into light quarks is treated. In the second one the remaining diagrams contributing to the decay into bottom quarks are considered and thus the mixed two-loop corrections are complete.
Numerical results and comparison
Two of the programs described in the '95 CERN Report have been constantly updated and we focus, in this note, on a comparison between TOPAZ0 and ZFITTER, with an update of the predictions of Z-resonance observables within the minimal standard model.
In Table 1 we compare the prediction of TOPAZ0 and ZFITTER for M Z = 91.1867 GeV, m t = 175.6 GeV, α s (M 2 Z ) = 0.120 and M H = 100 GeV. The results are from the new versions of the programs, and we have also shown absolute and relative (in per mille) deviations for a set of 25 pseudo-observables. The relative deviation is defined as
For quantities such as the asymmetries, we report the absolute deviation, which is the only relevant one.
A similar comparison for M H = 200 GeV is shown in Table 2 . We observe a deviation in sin 2 θ l eff of 2.7 × 10 −5 (2.3 × 10 −5 ) for M H = 100 GeV (200 GeV). For the total Z width, the difference between the two programs is of 0.19 MeV (0.08 MeV) for M H = 100 GeV (200 GeV).
In the hadronic Z width the difference is 0.07 MeV at M H = 100 GeV, which roughly corresponds to a variation of ∆α s (M 2 The level of agreement that is reached is highly satisfactory, especially if we take into account the fact that the implementation of the new correction factors has been performed in a completely independent way, different renormalization schemes and, more important, absolutely different strategies.
It is also interesting to compare the present situation with the differences registered between the two codes at the time of the '95 CERN Report. It is worth noticing that new-new deviations are always less (or much less) than the corresponding old-old ones. This fact induces a sizeable reduction of the theoretical uncertainty, achieved after the implementation of the new correction factors. We have also compared our results without the sub-leading terms O α 2 m 2 t and found again the same level of agreement as reached in '95.
In conclusion, we have achieved an important goal: after a substantial upgrading, TOPAZ0 and ZFITTER continue to agree with each other extremely well, in most cases better than they ever have.
An important consequence of this fact is that the central value of the Higgs boson mass in the famous χ 2 (M H ) curve moves down from 115 GeV obtained with old versions to approximately 87 GeV. The difference in predictions between TOPAZ0 and ZFITTER is less than 5 GeV in any of the fits performed so far [5] . Morever, a substantial reduction is expected of the entire blue band that is giving the theoretical uncertainty in the same curve.
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